Hepatoblastoma is a rare embryonal tumor with unknown etiology. The authors conducted a case-cohort study using public health surveillance data sets to examine perinatal risk factors for hepatoblastoma. Hepatoblastoma cases (n ¼ 58) diagnosed between 1985 and 2001 were identified from the New York State Cancer Registry and were matched to electronic birth records for 1985-2001 from New York State, excluding New York City. Controls (n ¼ 6,056) were selected from the birth cohorts for the same years. Having a birth weight less than 1,000 g was associated with a strongly increased risk of hepatoblastoma (relative risk (RR) ¼ 56.9, 95% confidence interval (CI): 24.0, 130.7). After adjustment for birth weight, a moderately increased risk of hepatoblastoma was found for younger maternal age (<20 years vs. 20-29 years: RR ¼ 2.5, 95% CI: 1.0, 5.5), presumptive use of infertility treatment (RR ¼ 9.2, 95% CI: 2.1, 31.5), maternal smoking (RR ¼ 2.1, 95% CI: 1.0, 4.2), and higher maternal prepregnancy body mass index (body mass index of 25-29 vs. 20-24: RR ¼ 2.9, 95% CI: 1.2, 7.6).
for an increasing percentage of cancers among very low birth weight infants-increasing from 0.7 percent of tumors to 8.6 percent of tumors among these infants in 1985-1989 as compared with 1990-1993. In addition, a significant portion of the hepatoblastoma cases had extremely low birth weights (<1,000 g). Further analysis of the Japan Children's Cancer Registry data showed that the increase in the proportion of cancers among extremely low birth weight infants with hepatoblastoma coincided with improved survival of these infants starting in 1988, and there appeared to be a trend towards higher risk with lower birth weight (20) . Similarly, increases in hepatoblastoma incidence in the United States appeared to coincide with increased survival of very low birth weight and extremely low birth weight infants (21) . Increased risk of hepatoblastoma among very low birth weight infants, particularly extremely low birth weight infants, was subsequently confirmed in two case-control studies (22, 23) .
We used existing data to perform a case-cohort study of hepatoblastoma and perinatal risk factors. We hypothesized that very low birth weight would be associated with hepatoblastoma risk. The other analyses described here were exploratory.
MATERIALS AND METHODS

Study subjects
Cases of hepatoblastoma were ascertained from the New York State Cancer Registry. All case infants aged 1 month to 5 years who had been born in New York State, excluding New York City, and were diagnosed with hepatoblastoma between 1985 and 2001 while living in New York State were eligible for inclusion in the study. Eligibility was determined by matching the hepatoblastoma cases in the cancer registry to electronic birth files maintained by the New York State Department of Health for [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] . Because the New York State birth certificate differs from the certificates used in New York City and in other states, children who were found to have been born in New York City or out of state were excluded, as were children who were not matched to electronic birth certificate records.
Controls were selected from the electronic birth files of all children born in New York State, excluding New York City, between 1985 and 2001. This study was a subset of a larger study that included cases of childhood cancer at all cancer sites (24) . Two controls were selected for each cancer case included in the larger study, giving us 6,056 controls. Because the data elements available from the birth records vary by year of birth, controls were frequency-matched to the cases in the larger study on the basis of birth year, to assure consistency of availability of information. For the purposes of individual cancer types, frequency of birth year was not necessarily proportional between cases and controls. No hepatoblastoma cases were also selected as controls, although seven control children were also in the cancer-birth match and therefore were known to have developed other forms of cancer. Children who died during the neonatal period (within 28 days of birth) were also excluded, because cases diagnosed at less than 1 month of age were excluded from the case series.
Perinatal data
The independent variables for this study came from the birth certificates of cases and controls. The birth certificates are completed by staff at the hospital where the child is born. Data from the birth certificates are routinely abstracted and entered into an electronic master livebirth file and were available for the birth cohorts included in this study (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) . The New York State birth certificate underwent major revisions in 1988 and 1993. In addition to changes in the birth certificate itself, the data items available in the master livebirth file also changed, as did the coding of individual variables. Because of these changes, data on some independent variables were not available for analysis for all cases.
Analysis
This study had a case-cohort design; therefore, the odds ratio provides an estimate of the cumulative incidence (risk) ratio (25) . Continuous variables, such as infant birth weight and maternal age, were grouped into ordinal categories based on a priori groupings determined by previous studies or on the distribution of the data within the study group. Separate analyses were conducted for hepatoblastoma overall and after stratification by age at diagnosis. Unconditional logistic regression was used for multivariate analysis. Because the prevalence of some exposures changed during the course of the study period, birth year was included in all regression models as a continuous variable. In addition, all models included birth weight.
In some cases, multiple variables from the birth files were combined to create a summary measure. For example, a child was considered to have been exposed to maternal hypertension during pregnancy if the mother was recorded as having had pregnancy-induced hypertension, preeclampsia, eclampsia, toxemia, or chronic hypertension. Size for gestational age was calculated on the basis of length of gestation and birth weight (26). Maternal use of government assistance included receipt of Aid to Families with Dependent Children or use of the Women, Infants, and Children Program, the Prenatal Care Assistance Program, the Supplemental Nutrition Assistance Program, or the Medicaid Obstetrical and Maternal Services Program.
Starting in 1993, the New York State birth certificate included check-boxes for ''in vitro fertilization'' and ''other fertilization.'' ''Other fertilization'' potentially includes the use of fertility-enhancing drugs, artificial insemination, and other techniques which do not fall under the heading of in vitro fertilization. In addition to examining hepatoblastoma risk for these two exposures separately, we created two composite variables for examining exposure to infertility treatment. The first composite variable included exposure to either in vitro fertilization or other fertilization. The second composite variable included both of these exposures, as well as births involving triplets (no higher-order births were observed among either cases or controls). This variable was calculated only for births occurring in 1993 or later, since information on in vitro or other assisted fertilization was not available for earlier births. There was some overlap, such that one case and two controls who were part of triplet births were also coded as having been exposed to infertility treatment.
RESULTS
During the study period, 67 cases of hepatoblastoma were diagnosed in New York State, excluding New York City, among infants who were eligible for inclusion in the study. Birth certificate matches were made for 58 cases, resulting in a match proportion of 87 percent. Eleven (19 percent) of the 58 hepatoblastoma cases in the study had extremely low birth weight (<1,000 g; table 1 ). This compares with only 0.4 percent of controls in this birth weight range, resulting in a relative risk estimate of 56.9 for extremely low birth weight (95 percent confidence interval (CI): 24.0, 130.7) relative to normal birth weight (2,500-3,499 g). Although the test for trend produced a statistically significant p value, there was little evidence of a linear dose effect, and the birth weight distributions for cases and controls were very similar at birth weights above 1,000 g ( figure 1 ). There was no evidence that the risk of hepatoblastoma with extremely low birth weight varied by age at diagnosis (data not shown). Cases and controls had different distributions of several other infant birth characteristics that are associated with low birth weight; cases had shorter gestation, lower 1-minute and 5-minute Apgar scores, and greater use of assisted ventilation. After adjustment for birth weight, however, male gender was the only infant characteristic that was associated with hepatoblastoma risk.
Both younger (<20 years) and older (40 years) maternal ages were associated with increased risk relative to a maternal age of 20-29 years, although the relative risk for maternal age 40 years did not reach statistical significance and was based on only three cases (table 2). Paternal age and other demographic or socioeconomic characteristics were not associated with hepatoblastoma after adjustment for birth year and birth weight. Greater maternal weight was also associated with increased risk (table 3) . Information on maternal height was not collected on the New York State birth certificate until 1993, so data on body mass index (weight (kg)/height (m) 2 ) were not available for over half of the study subjects. With regard to body mass index, children born to women classified as overweight (body mass index [25] [26] [27] [28] [29] were at three times' higher risk of hepatoblastoma than were children born to normal-weight women (body mass index 20-24) (relative risk (RR) ¼ 2.9, 95 percent CI: 1.2, 7.6). The relative risk was also elevated for children born to obese mothers (body mass index >29), although the confidence intervals were wide and included the null value (RR ¼ 2.1, 95 percent CI: 0.7, 6.1). Weight gain during pregnancy was not associated with risk after adjustment for birth year and infant birth weight.
Maternal smoking was also associated with a statistically significant elevated relative risk (RR ¼ 2.1, 95 percent CI: 1.0, 4.2) (table 3). Further adjustment for maternal age, maternal weight, and infant gender did not change the point estimate of the relative risk for maternal smoking. The increased risk of hepatoblastoma with maternal smoking was stronger for children diagnosed with hepatoblastoma at the age of 2 years or older, although there were only 11 cases in this age group with data on maternal smoking (births occurring in 1988 or later). After adjustment for birth year, birth weight, maternal age, and maternal prepregnancy weight, the relative risk for maternal smoking among children diagnosed at age 2 years or older was 6.0 (95 percent CI: 1.6, 22.4), while that for children diagnosed prior to age 2 years was 1.4 (95 percent CI: 0.5, 3.3).
There was also some evidence of heterogeneity by birth weight, with the relative risk for smoking and hepatoblastoma being stronger for children with normal birth weight than for low birth weight children. Among children with birth weights of 2,500 g or more, the relative risk for maternal smoking was 2.7 (95 percent CI: 1.2, 5.5), while that for low birth weight children was 0.2 (95 percent CI: 0.0, 1.3). The interaction term for low birth weight and smoking was statistically significant in the logistic regression model (p ¼ 0.039). For hepatoblastoma diagnosed after the age of 2 years, the relative risk for maternal smoking among children without low birth weight was 5.8 (95 percent CI: 1.4, 25.1), while that for low birth weight children was 2.1 (95 percent CI: 0.9, 24.8), although the number of children included in these stratified models was very low (three cases with low birth weight and eight cases without low birth weight). No case children diagnosed at a younger age had both exposure to smoking and low birth weight, so the interaction between birth weight and smoking could not be examined in this age group.
One case (1.7 percent) and seven controls (0.1 percent) were listed as having been conceived through in vitro fertilization (RR ¼ 3.0, 95 percent CI: 0.1, 50.9; adjusted for birth weight). Three cases (5.2 percent) and 16 controls (0.3 percent) were conceived through other fertilization methods (adjusted RR ¼ 9.4, 95 percent CI: 2.0, 43.2). In addition, two cases (3.4 percent) and seven controls (0.1 percent) were part of a triplet birth (table 4; for triplet births relative to singleton births, adjusted RR ¼ 4.7, 95 percent CI: 0.5, 44.9), which may be a marker for infertility treatment. Both of the cases and two of the seven controls who were triplets were born in 1993 or later. Combining these three exposures, five out of 32 (15.6 percent) cases born in 1993 or later were potentially exposed to fertility treatment, whereas only 23 out of 1,917 controls (1.2 percent) were potentially exposed (table 3) .
A higher percentage of cases were born to mothers with a history of prior fetal loss, although prior fetal loss was not associated with increased risk of hepatoblastoma after adjustment for birth year and birth weight (table 3) . The only delivery characteristic that was associated with hepatoblastoma risk was use of anesthesia during delivery (table 4) . Information on anesthesia was available only for births occurring in 1993 or later. Both spinal anesthesia and local anesthesia were associated with statistically significantly increased risk, although only two cases were unexposed to any anesthesia. 
DISCUSSION
In this study, we observed an increased risk of hepatoblastoma with extremely low birth weight, younger maternal age, maternal smoking, greater maternal weight, and use of infertility treatment. The elevated relative risk of hepatoblastoma with very low birth weight observed in this study is similar to the relative risks reported by Reynolds et al. (22) in California (RR ¼ 40.8, 95 percent CI: 4.21, 395.5) and Ansell et al. (23) in the United Kingdom Childhood Cancer Study (RR ¼ 69.0, 95 percent CI: 12.0, 118.2). In addition, the birth weight distribution of the California cases followed a pattern very similar to that seen in figure 1 , although a larger percentage of hepatoblastoma cases in New York had extremely low birth weights (11 out of 58 cases (19 percent) ). Of the 99 hepatoblastoma cases in the California study, 13 had birth weights under 1,500 g, and of these, 10 had birth weights under 1,000 g (22) . Reynolds et al. (22) did not report a relative risk for birth weight under 1,000 g, probably because only two controls had very low birth weights in their matched study.
Our results suggest that the strongly increased risk may be limited to the very smallest infants, since the birth weight range of 1,000-1,500 g was associated with a relatively smaller and nonsignificantly increased risk in New York. However, combining the results from California and New York shows that the relative risk of hepatoblastoma is approximately doubled for low birth weight children relative to normal birth weight children (1,500-2,499 g vs. 2,500-3,999 g: pooled RR ¼ 2.1, 95 percent CI: 4.1, 4.2; adjusted for study site). In the smaller study from the United Kingdom (23), two out of 24 hepatoblastoma cases had birth weights under 1,000 g, and one additional case had a birth weight under 1,500 g. In a Japanese case-control study that included birth-weight-matched controls, Maruyama et al. (27) and Ikeda et al. (28) found that oxygen therapy, furosemide treatment, and slower postnatal growth were risk factors for hepatoblastoma among extremely low birth weight infants. Using some of the cases from that case series, Ikeda et al. (29) showed that children with hepatoblastoma were not more likely to have evidence of oxidative damage to the liver than children with other nonneoplastic liver disease. One alternative hypothesis that has been proposed is increased exposure to plasticizers for very low birth weight infants (30) .
In this study, maternal smoking was associated with a twofold increased risk of hepatoblastoma that was not accounted for by birth weight. There was evidence that the increased risk was limited to children with normal birth weight and that risk was stronger for later age at diagnosis. In the United Kingdom Childhood Cancer Study, Pang et al. (31) reported relative risks for maternal preconceptional smoking of 2.7 (95 percent CI: 1.2, 6.2) for developing hepatoblastoma at any age and 12.0 (95 percent CI: 2.5, 56.7) for developing hepatoblastoma at an age older than the median. These associations were not confounded by birth weight, although Pang et al. (31) did not report on a possible interaction with birth weight (32) . They also reported that having both parents smoke preconceptionally increased risk more than fourfold (RR ¼ 4.7, 95 percent CI: 1.7, 13.4). Hepatoblastoma was the only form of childhood cancer that was significantly associated with maternal smoking in the United Kingdom Childhood Cancer Study (31) . Elevated risk of death from hepatoblastoma was also associated with both parents' smoking in the Oxford Survey of Childhood Cancer (RR ¼ 2.28, 95 percent CI: 1.02, 5.09), although maternal smoking alone was associated with a nonsignificantly elevated risk (RR ¼ 1.73, 95 percent CI: 0.93, 3.21) (33).
Information on paternal smoking status is not collected on the New York State birth certificate, so the joint effects of maternal and paternal smoking cannot be assessed. Since maternal smoking and paternal smoking are correlated, it is possible that the effects seen in this study are actually due to either paternal smoking or the combined effects of maternal and paternal smoking. Parental preconceptional and prenatal smoking is also correlated with parental smoking after birth and therefore potentially continued exposure of the child to sidestream smoke. The potential mechanisms of action for parental smoking include exposure to carcinogens across the placenta or preconceptional oxidative damage to sperm (33) (34) (35) (36) . In contrast to these findings, an early study from the Children's Cancer Study Group found similar smoking prevalences between case and control mothers on the basis of maternal interviews (37) .
The increased risk of hepatoblastoma with infertility treatment is interesting in light of the potential association between Beckwith-Wiedemann syndrome and use of assisted reproductive technology (38) (39) (40) (41) . Beckwith-Wiedemann syndrome is also associated with hepatoblastoma. BeckwithWiedemann syndrome is a rare disorder associated with imprinting disorders of chromosome 11p15; its estimated prevalence is 13 cases per million births (42) . Similar imprinting defects have also been observed in hepatoblastomas not associated with Beckwith-Wiedemann syndrome (11) (12) (13) . On the basis of the data available in the cancer registry and the electronic birth records, we were unable to determine whether any of the children with hepatoblastoma also had Beckwith-Wiedemann syndrome, but it was presumably a small number. In a study conducted in the United States in the early 1980s, only four hepatoblastoma cases out of 75 had either Beckwith-Wiedemann syndrome or hemihypertrophy (37) .
There have also been several isolated case reports of hepatoblastoma among children conceived by means of assisted reproductive technology, including one case each from the United Kingdom Childhood Cancer Study and the Japanese case series (23, (43) (44) (45) . Cohort studies of children born following use of assisted reproductive technology have not shown increased risks of cancer in the offspring, although the statistical power of these studies has been low (42, (46) (47) (48) (49) (50) (51) . In this study, use of infertility treatment was measured as an indication on the birth certificate of in vitro fertilization, other fertilization, and, in a separate analysis, those two measures plus triplet births. Approximately 82 percent of triplet or higher-order births are estimated to be due to fertility treatment (52) . Note that although triplet birth was used here as a surrogate for infertility treatment, twinning is also associated with Beckwith-Wiedemann syndrome. In addition, the increased risk of hepatoblastoma may be due to either the treatment or the couple's underlying infertility (53) . Finally, the small number of study subjects exposed to infertility treatment precluded multivariate analysis, other than adjustment for birth weight.
Unlike the current study, neither the California study nor the United Kingdom study found an increased risk of hepatoblastoma with older or younger maternal age. Neither study reported on maternal weight. These findings are exploratory in nature. Although the relative risks were elevated, we did not observe a linear dose response with either maternal age or maternal weight, although risk may not be expected to increase linearly with these measures. Investigators in the United Kingdom Childhood Cancer Study observed large increased risks with polyhydramnios (two exposed cases) and severe maternal preeclampsia and eclampsia (three exposed cases). In the current study, only two children with hepatoblastoma had been exposed to any form of maternal hypertension (one with preeclampsia and one with chronic hypertension), and maternal hypertension was associated with decreased risk overall. On the New York State birth certificate, data on hydramnios and oligohydramnios are collected as one data element, so a separate effect of polyhydramnios could not be examined. The combination of hydramnios and oligohydramnios was associated with an increased crude risk of hepatoblastoma, but the relation was confounded by birth weight; after adjustment for birth weight (two cases with extremely low birth weight also had hydramnios or oligohydramnios), the relative risk was elevated but not statistically significant. There was no overlap in the United Kingdom study between the two cases with polyhydramnios and three cases with very low birth weight. Children with Beckwith-Wiedemann syndrome may also have a high prevalence of polyhydramnios during gestation, which may also be associated with preterm delivery (54, 55) .
Since this was a case-cohort study, lack of follow-up of controls creates a potential selection bias. The potential loss to follow-up in this study arises from the fact that controls were ascertained from existing records with no subsequent follow-up (other than eliminating potential controls who died within the first month of life). By sampling the controls from the birth cohorts, we are assuming that the controls, had they developed cancer, would have been ascertained as cases in the study. It is unlikely that cases are unreported to the cancer registry, which is estimated to be over 95 percent complete for all cancers in New York State and is probably more complete for childhood cancer because of high levels of hospitalization of preschoolers with cancer (56, 57) . On the other hand, some children may have moved out of state prior to diagnosis or may have been excluded from the study because their cancer records did not match the appropriate birth record. It is unlikely that loss to follow-up due to outmigration or failure to match was related to the risk factors being studied, but out-migration may be related to some unmeasured confounders, such as socioeconomic status.
In addition, using the case-cohort design implies that the relative risk is an estimator of the cumulative incidence ratio, and therefore assumes that no controls have left the risk set because of death (25) . Childhood mortality is associated, either directly or indirectly, with several of the perinatal factors being studied, including infant birth weight and maternal age. After the immediate postnatal period, childhood mortality is low (58) . Competing causes of death may be a particular concern, however, for extremely low birth weight infants. If extremely low birth weight infants died after the first month of life but before they had a chance to develop hepatoblastoma, their person-time at risk would be overestimated, and the risk of hepatoblastoma among extremely low birth weight infants would be overestimated.
Despite these limitations, the use of a case-cohort study design based on a cancer registry and birth records has several advantages over a case-control study design based on interviews with respect to selection bias. By using administrative record data instead of interview data, there is less potential for self-selection bias related to refusal of cases or controls to participate in the study or selection bias related to the inability to trace and contact study subjects.
Use of birth certificate data for ascertaining perinatal exposures reduces the potential for differential misclassification, since all measurements are made prior to diagnosis and measurement does not rely on parental recall of pregnancy history. However, use of birth certificates in epidemiologic studies may be problematic because of problems with completeness and validity (59) . In a study of the validity of electronic birth certificate data for New York State, excluding New York City, Roohan et al. (60) observed that the sensitivity of birth certificate data on maternal medical risk factors varied but specificity was high. For example, specificity was 99 percent or higher for in vitro fertilization, other fertilization, tobacco use, and very low birth weight. This high specificity would lead us to believe that the relative risks estimated in this study are attenuated. Further, given the high prevalence of overweight and obesity, the possible association with hepatoblastoma should be examined in other cohorts.
